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© Hearing aid employing a viscoelastlc material to adhere components to the casing. 

© The casing of a hearing aid can be acoustically 

dampened and its receiver is less likely to amplify 

noise stemming from vibrations of the casing when 

the casing is lined with a viscoelastic material. The 

viscoelastlc lining can be applied by laying a 

viscoelastic layer across the rim of the casing and 
2 drawing a vacuum at the sound-communicating ori- 
fice of the casing until the viscoelastic is drawn 
00 tightly against the interior of the casing. A preferred 
2 viscoe,a stfc layer has at one surface a substance 

such as fibers or beads that will form temporary 

bridges to permit an air to be evacuated between the 
JJj viscoelastic layer and a casing to which it is applied. 

When the deposited viscoelastic is tacky at room 
© temperature, the components of the hearing aid can 
OL 06 positioned simply by pressing them into the 
LU viscoelastic material, thus making the assembly 

easier than prior methods of assembling tiny hearing 

aids. 
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Summary of the Invention 



The invention significantly reduces noise am- 
plified by the receiver of a hearing aid by better 
isolating the receiver from the casing and aJso by 
better isolating the microphone from vibrations of 
the casing. The invention also helps to protect 
components of the hearing aid against damage 
when dropped. Briefly, the invention concerns a 
hearing aid having a casing containing a transducer 
and a viscoelastic layer adhering the transducer to 
the casing, which layer has, at a frequency of 1 000 
Hz and a temperature of 100*F (38 *C), a loss 
factor of at least 0.5 and a shear storage modulus 
G' of at least 10 7 dynes/cm*. Preferably the dy- 
namic shear loss modulus G* (he- the product of 
the loss factor and the dynamic shear storage 
modulus G') is at least 1.5 x 10 7 dynes/cm 2 in 
order to provide good isolation of the microphone. 
Even better isolation is achieved when the dynamic 
shear loss modulus G" is at least 2.5 x 10 7 
dynes/cm 2 at 1000 Hz and 38* C. 

The term "transducer" encompasses a receiver 
or a microphone or a module containing both a 
receiver and a microphone. 

The viscoelastic layer preferably has a thick- 
ness of from 0.2 to 0.8mm. it preferably is tacky 
when the transducer is placed into the casing and 
this adheres the transducer to the casing. To do so 
the viscoelastic layer may be tacky at room tem- 
perature or may become tacky at a moderately 
elevated temperature such as 60 *C. However, 
when the viscoelastic layer does not adhere well 
either to the transducer or to the casing, an adhe- 
sive can be used to do so. 

When the viscoelastic is tacky at room tem- 
perature, the novel hearing aid can be assembled 
simply by pressing the viscoelastic layer against 
the interior surface of the casing and then pressing 
a transducer assembly into the tacky viscoelastic 
layer. When the tackiness of the viscoelastic layer 
interferes with the ability to position the transducer, 
the layer may be temporarily detackified by known 
techniques, e.g., by cooling or by applying a vola- 
tile liquid or by applying rupturable glass microbal- 
loons. 

The viscoelastic layer can either be die-cut to 
fit. into the casing, or it can be laid across the rim 
of the casing and drawn against the interior of the 
casing by a vacuum applied at the sound-commu- 
nicating orifice or another opening through the cas- 
ing. 

When so using a vacuum, it is desirable to 
avoid trapping air between the viscoelastic layer 



and the underlying surface of the casing. This can 
be done by scratching the casing to form one or 
more channels extending across the interior sur- 
face from the sound-communicating orifice or other 
5 opening at which the vacuum is to be applied. The 
trapping of air can instead be avoided by applying 
to the underside of the viscoelastic layer, a sub- 
stance that will form at least one temporary bridge 
between the interior surface of the casing and the 
io viscoelastic layer before the latter is drawn tightly 
against the former. This can be done by placing a 
single fiber on the surface of the viscoelastic layer, 
which fiber extends across the interior surface of 
the casing from the opening at which the vacuum 
75 is being applied. Preferably a plurality of fibers are 
applied to the viscoelastic layer to ensure that at 
least one fiber emanates from the opening at which 
the vacuum is being applied. The fibers can be 
. blown microfibers that have been deposited onto 
20 the viscoelastic layer. Useful blown microfibers in- 
clude polypropylene, polybutene, and polyurethane 
and can be as thin as one micrometer. Also useful 
are natural keratin fibers. 

Instead of depositing fibers, a preformed open 
25 nonwoven web can be adhered to the viscoelastic 
layer to create temporary bridges to evacuate air 
from between the viscoelastic layer and the under- 
lying interior surface of the casing. A nonwoven 
web should be sufficiently extensible not to inter- 
30 fere with the stretching of the viscoelastic layer. 
Whether or not the fibers are in the form of a 
nonwoven web, they preferably cover no more than 
about 30% of the underside area of the viscoelastic 
• layer. 

35 In another technique, the underside of the 

viscoelastic layer is partially covered with mfcropar- 
ticles such as glass beads. Microparticles may be 
applied to the viscoelastic layer by spraying, elec- 
trostatically depositing, or silk-screening to be. 

40 more densely applied at the portions of the 
viscoelastic layer that will contact the sound-com- 
municating orifice or other opening at which the 
vacuum is to be applied, especially when the 
viscoelastic layer will be stretched to a greater 

4$ extent in the vicinity of that opening. This better 
assures continued bridging by the microparticles 
until the viscoelastic layer has become seated 
against the interior surface of the casing. 

The maximum diameter of the microparticles or 

so fibers preferably is so small that the outer surface 
of the viscoelastic layer is substantially smooth 
after ft has been pulled by the vacuum tightly 
against the interior surface of the casing. This 
enhances the adhesion between the viscoelastic 

ss layer and the transducer or transducers. To permit 
the outer surface of the viscoelastic layer to be 
smooth, the maximum diameter of the micropar- 
ticles or fibers should be less than 50% of the 
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thickness of the deposited viscoelastic layer. Be- 
cause the viscoelastic layer may be stretched 
when applied by vacuum, the maximum diameter 
of the microparticles or fibers preferably is less 
than 25% of the original thickness of the 
viscoelastic layer. 

Temporary bridges can also be provided by 
embossing the underside of the viscoelastic layer 
e.g., by forming it on an embossed low-adhesion 
release liner. When the embossed viscoelastic lay- 
er is tacky at room temperature, it should be chil- 
led while being drawn by vacuum against the inte- 
rior surface of the casing until its textured under- 
side has served the purpose of avoiding entrapped 
air. 

When shipping or storing a viscoelastic layer 
wh.ch is covered by a substance that forms tem- 
porary bridges, care should be taken not to apply a 
force against that substance which might cause it 
to become prematurely embedded into the 
viscoelastic material. Hence, shipping/storage car- 
tons should be provided with partitions that main- 
tain a space between adjacent viscoelastic layers 
However, it is preferred to keep both surfaces of 
the viscoelastic layer protected with lightweight dis- 
posable release liners to keep them from accu- 
mulating dust or other environmental debris 

In the manufacture of hearing aids, it is usual 
to secure a faceplate to the casing by using a 
solvent To afford a good bond, the viscoelastic 
layer preferably does not cover the rim of the 
casing at which the faceplate is to be attached 
TT»s is most easily accomplished by mechanically 
removing viscoelastic material at the rim, usually 
after cooling the viscoelastic material to a tempera- 
ture at which it is non-tacky. Sufficient viscoelastic 
matenal should remain to acoustically damp the 
casing and to assure that the viscoelastic material 
separates the transducer from the casing, th us 
effectively limiting the transmission of vibrations 
between the transducer and the casing. 

It may be. desirable to adhere the microphone 

J^!u Cep,at9, in which event the Opiate 
should be covered with a viscoelastic layer that can 
serve to hold the microphone in place. Even when 
the microphone (or a module containing both the 
microphone and the receiver) is to be adhered to 
the viscoelastic layer on the interior surface of the 
casing, the inner facing surface of the faceplate 
may be covered with viscoelastic material, espe- 
dally rf there is any chance that a transducer might 
contact the faceplate in the assembled hearing aid 
Another method for assembling a hearing aid 
of the Invention involves applying a layer of 
viscoelastic material to a transducer and using that 
layer of viscoelastic material to adhere the trans- 
ducer to the casing. When the transducer is a 
module including both the receiver and micro- 



phone, viscoelastic material should also be em- 
ployed to isolate the microphone from the receiver 
before the module Is assembled. 

The casing can either^ form the exterior of the 
s hearing aid or can be inserted into a housing that 
forms the exterior. In the latter event, the casino 
preferably is adhered to the interior wall of the 
housing by another layer of viscoelastic material 
that also has a dynamic shear loss modulus G* of 
'0 at least 1.5 x 10' dynes/cm* at a frequency of 1000 
Hz and a temperature of 38 ' C. By doing so, com- 
ponents of the novel hearing aid would be even 

brations° lated ^ noise -9 eneratin 9 vi- 

« Preferred viscoelastic materials that are tacky 

pressure-sensitive adhesives at room temperature 
or at moderately elevated temperatures are dis- 
closed in US. Pat. No. 3,605.953 (Caldwell et al.) 

,„ k u' n , U - S - Pat No ' (Driscoll et al.) 

20 which disclosures are incorporated by reference. 
As in the Driscoll patent: 

"Procedures for determining the loss tangent and 
storage modulus of materials are well known in 
polymer physics and are described, for example 
25 by Miles, ^ Appl. Phys. 33 (4). 1422-1428 (1962)' 
Measurements reported herein were made using a 
Dynamic Shear Rheometer, Model CSR-1 from 
Melabs of Palo Alto, Calif., that had been modified 
to ensure parallel alignment of the driver and pic- 
30 kup p.ezoetectric transducers. Stress on the sam- 

of the art amplifiers and a phase network analyzer 
tc i monitor the output electrical signal" (col. 9, lines 

To-24). 

35 

The Drawing 



<o The invention may be more easily understood 

m reference to the drawing, all figures of which are 
schematic. In the drawing: 

Fig. 1 is a central cross section through an 
In-the-canal hearing aid of the invention; 

45 - ,S 3 Central cross section ^ough 

sheetng that is useful for applying a viscoelastic 

1Z££ ^ Surf ^ °f the casing of a 

» n*r* n? 9 * 3 , 18 30 lsometric broken away in 
50 part ; ° f a fra 9ment of another sheeting that is 
useful for applying a viscoelastic layer to the inte- 
rior surface of the casing of a hearing aid; 

Fig. 4 is a central cross section through the 
bb TJhn hearin 9 aid the invention 

to th .?- St ° f app,ying a ^oe'astic layer 

1?'^ rt casln * usin 9 the 

sheeting shown in Fig. 2; and 

Fig. S is an enlarged fragment of the cross 



4 




7 EP 0 

section of Fig. 4 at the sound-communicating ori- 
fice after the viscoelastic layer has been drawn by 
vacuum against the interior surface of the casing. 

In Fig. 1, an in-the-canal hearing aid 10 has a 
casing 1 1 . the external, surface of which is formed 
with a male screw thread 12. Mating with the 
thread 12 is a sleeve 13 consisting of retarded 
recovery foam 1 4 surrounding an internally thread- 
ed plastic duct 15. By compressing the sleeve, it 
can be inserted into the canal of the wearer's ear 
and then expands to hold the hearing aid tightly, 
but comfortably, in place. 

A tacky viscoelastic layer 16 has been die-cut 
to fit against the interior surface of the casing 11 
with an opening 16A centered over a sound-com- 
municating orifice 16B in the casing. A receiver 17 
and a microphone 18 have been pressed into the 
viscoelastic layer to hold them in place as shown. 
The casing has been closed by a faceplate 19 to 
which an amplifier 19A and a battery 19B have 
been attached. 

Fig. 2 shows in central cross section a sheeting 
20 including a viscoelastic. layer 22 between two 
low-adhesion release liners 24 and 25. At one 
surface of the viscoelastic layer are fibers or beads 
27. 

Fig. 3 shows a sheeting 30 including a 
viscoelastic layer 32 between two low-adhesion re- 
lease liners 34 and 35. At one surface of the 
viscoelastic layer is an open mesh 37 of fine flexi- 
ble fibers. The mesh 37 can be provided by a 
nonwoven fabric or by randomly depositing fibers, 
e.g., blown microfibers, onto the viscoelastic layer 
32. 

In Fig. 4, a casing 41 of an in-the-ear hearing 
aid has been custom molded to fit into the wearer's 
ear. The casing is open at a rim 42. Laid across 
the rim is a piece of the sheeting 20 of Fig. 2, one 
low-adhesion release liner 25 of which has been 
removed. The other low-adhesion release liner 24 
is shown being peeled away, after which a vacuum 
is to be applied at a sound-communicating orifice 
44. In Fig. 5, the vacuum has drawn the 
viscoelastic layer 22 tightly against the interior sur- 
face of the casing 41 until the viscoelastic layer 
has been broken by the vacuum at the sound- 
communicating orifice 44. Thus, the fibers or beads 
27 have become completely embedded into the 
viscoelastic material, having completed their func- 
tion of acting as bridges to permit air to be drawn 
from between the viscoelastic layer and the interior 
surface of the casing 41 and exhausted through the 
sound-communicating orifice 44. 
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Used in this example was a plastic casing as 
illustrated in Rg. 1 of the drawing. The casing was 
about 14 mm wide in the plane of Fig: 1, about 10 
mm wide perpendicular to that plane, and about 6 

5 mm deep. Its rim was 0.75 mm in width. 

A flexible viscoelastic layer was made by 
photopolymerizing a mixture of by weight 90 parts 
isooctyl acrylate and 10 parts acrylic acid that had 
been partially polymerized to a coatable viscosity 

w and then knife-coated onto silicone-coated paper 
that served as a disposable release liner. The 
viscoelastic layer, which was 0.4 mm in thickness, 
was then covered with an identical disposable re- 
lease liner. 

is The loss factor of the viscoelastic layer was 1 .1 
and its shear storage modulus g' was 2.5 x 10 7 
dynes/cm 2 measured at 1000 Hz and 38* C. 

One end of a fine-celled, urethane-foam ap- 
plicator (8 mm diameter and 20 mm long) was 

20 dipped into a dish of glass beads (microspheres 
80-105 urn in diameter having a density of 4 
g/cm 3 ). The applicator was then lightly tapped until 
the beads remaining on the applicator were almost 
invisible. After removing one of the release lines, 

25 the applicator was dabbed on the exposed surface 
of the viscoelastic layer to which most of the beads 
transferred to provide a sparse monolayer. The 
viscoelastic layer and its remaining release liner 
were then cut to overhang the rim of the casing 

30 about 1 mm. After pressing the viscoelastic layer .. 
against the rfm, the release liner was peeled off. A 
vacuum (60 cm Hg) was applied at the sound- 
communicating orifice, pulling and stretching the 
viscoelastic layer against the interior surface of the 

35 casing and breaking it to leave an opening at the 
sound-communicating orifice. Visual examination 
revealed that the glass beads had prevented air 
from becoming entrapped and that the viscoelastic 
layer tightly conformed to the interior of the casing. 

40 The deposited viscoelastic layer was tacky but 

became tack-free when chilled, thus permitting the 
viscoelastic material to be removed from the rim of 
the casing with a sharp instrument thus leaving a 
clean surface. After allowing the viscoelastic layer 

45 to return to room temperature, it again became 
tacky, and tweezers were used to press a micro- 
phone and a receiver into the viscoelastic material 
in positions as in Fig. 1 . Each of these transducers 
stayed in place after the assembly had been 

so dropped onto a hard floor several times. 



Example 2 

55 

Using the point of a knife, two grooves were 
formed in the interior bottom surface of a plastic 
casing as illustrated in -Rg. 1 . Each groove was 40- 
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extends across the interior surface of the casing 
from the opening at which a vacuum is applied in 
step b). 

17. Viscoelastic layer which has, at a frequency 
of 1000 Hz and a temperature of 38* C, a dynamic 
shear loss modulus G* of at least 1.5 x 10 7 
dynes/cm 2 , up to 30% of the area of one surface of 
the viscoelastic layer being covered with a sub- 
stance that will form at least one temporary bridge 
to permit air to be evacuated between the 
viscoelastic layer a smooth surface to which it may 
be applied. 

18. Viscoelastic layer as defined in claim 17 
wherein said substance comprises microparticles. 

19. Viscoelastic layer as defined in claim 17 
wherein said substance comprises fibers. 
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© The casing of a hearing aid can be acousticaiiy 
dampened and its receiver is less likely to amplify 
noise stemming from vibrations of the casing when 
the casing is lined with a viscoelastic .material. The 
viscoelastic lining can be applied by laying a 
viscoelastic layer across the rim of the casing and 
drawing a vacuum at the sound-communicating ori- 
fice of the casing until the viscoelastic is drawn 
tightly against the interior of the casing. A preferred 
viscoelastic layer has at one surface a substance 
such as fibers or beads that will form temporary 
bridges to permit an air to be evacuated between the 
viscoelastic layer and a casing to which ft is applied. 
When the deposited viscoelastic is tacky at room 
temperature, the components of the hearing aid can 
be positioned simply by pressing them into the 
viscoelastic material, thus making the assembly 
easier than prior methods of assembling tiny hearing 
aids. 
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AO further search fees have been paid wilhtn the fixed time Umtt. The present European search report has 
been drawn up for all claims. 

Only part of the further search fees have been paid within the fixed time Umtt. The present European search 
report has been drawn up for those parts of the European patent application which relate to the Inventions In 
respect of which search fees have been paid. 



namely claims: 

fx] None of the further search fees haa been paid within the fixed time Omit The present European search report 
has been drawn up tor those pans of the European patent application which relate to the Invention first 
mentioned in the drnims, 

namely claims: 1"10 
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The Searcn Division considers mat the present European patent Application does not comply with tne requirement ol unity of 

invention and relates to several inventions or groups ot inventions, 

namely: 



1. Claims 1-10: Hearing aid with viscoelastic layer. 

2. Claims 11-16: Method of assembling the hearing aid with layei 
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